Monoclonal antibodies were elicited to membrane constituents of the osteoblastic human osteosarcoma cell line Saos-2. Two types of antibody reactivities were characterized: one group of antibodies identified fibroblastic and osteoblastic cultured cells, whereas the other group was specific for the parent cell line, Saos-2. Primary endothelial cells and hepatoma cells were not recognized by either group of antibodies. Through indirect immunofluorescent microscopy, the Saos-2-specific antigen was demonstrated to reside on the surface of these osteosarcoma cells. Metabolic radiolabeling of cultured Saos-2 cells and subsequent immunoprecipitation, electrophoretic separation, and autoradiography revealed this protein to have a Mr of 80,000. Similar experiments in the presence of hormones showed that the expression of this cell surface protein was influenced in an opposing fashion by the bone-regulating hormones parathyroid hormone and vitamin D. Vitamin D stimulated expression by 300%, whereas parathyroid hormone depressed expression by 50%. Thus, Saos-2 human osteoblastic cells demonstrate hormonal regulation through an apparently specific membrane protein.
ABSTRACT
Monoclonal antibodies were elicited to membrane constituents of the osteoblastic human osteosarcoma cell line Saos-2. Two types of antibody reactivities were characterized: one group of antibodies identified fibroblastic and osteoblastic cultured cells, whereas the other group was specific for the parent cell line, Saos-2. Primary endothelial cells and hepatoma cells were not recognized by either group of antibodies. Through indirect immunofluorescent microscopy, the Saos-2-specific antigen was demonstrated to reside on the surface of these osteosarcoma cells. Metabolic radiolabeling of cultured Saos-2 cells and subsequent immunoprecipitation, electrophoretic separation, and autoradiography revealed this protein to have a Mr of 80,000. Similar experiments in the presence of hormones showed that the expression of this cell surface protein was influenced in an opposing fashion by the bone-regulating hormones parathyroid hormone and vitamin D. Vitamin D stimulated expression by 300%, whereas parathyroid hormone depressed expression by 50%. Thus, Saos-2 human osteoblastic cells demonstrate hormonal regulation through an apparently specific membrane protein.
The identification and characterization of the cellular constituents ofbone tissues are vital to the understanding of bone growth and turnover. Delineation of bone cell lineage, identification of progenitor populations, and understanding their development into a mixture of exquisitely regulated synthetic and degradative bone cells will increase our comprehension of the synthesis and maintenance of mineralized tissues.
Bone is a dynamic tissue. The synthetic cells, osteoblasts, are responsive to chemical and physical signals that regulate the direction and composition of the extracellular matrix. This synthesis is balanced in a reciprocal fashion by the degradative and resorptive cells, the osteoclasts. The resulting mineralized matrix is not homogeneous and it varies significantly in density, thickness, composition, and cellular elements. This compositional variety raises questions about the existence of subpopulations of osteoblasts and osteoclasts, responsible for modulation. In our studies on the nature and regulation ofthe osteoblast we selected a human osteosarcoma cell line, Saos-2, which has osteoblastic characteristics (3) , for the production of reagent monoclonal antibodies. A series of antibodies were produced that reacted specifically with the parent cell line or shared reactivity with related cell types. One antibody that was specific for Saos-2 cells was found to precipitate a membrane protein of Mr 80,000. This protein was found to be regulated in a positive manner with exposure of the cells to vitamin D and negatively regulated with exposure to parathyroid hormone. Cell Culture. All cells were cultured in minimum essential medium (Eagle) with the exception of growth plate-and bone-derived cells, which were grown in low-calcium medium (5) . Media were supplemented with 10% fetal bovine serum and cells were grown on tissue culture-treated plastic in a humidified 95% air/5% CO2 atmosphere.
EXPERIMENTAL PROCEDURES
Monoclonal Antibodies. Murine monoclonal antibodies to Saos-2 human osteoblast-like osteosarcoma cells were prepared. Saos-2 cells grown to confluence were treated with trypsin to release them from the substrate. BALB/c mice were immunized with 5-6 x 106 cells. NS-1 murine myeloma cells were fused with spleen cells from the immunized mice by using polyethylene glycol (6) . Conditioned media from hybridomas were screened by an enzyme-linked immunosorbent assay (ELISA) method, modified for cells (see below). Murine antibodies binding to Saos-2 cells were detected by means of goat anti-mouse IgG conjugated to horseradish peroxidase and incubation with substrate and the chromogen, o-phenylenediamine. The cells producing antibodies that reacted positively in duplicate assays were cloned by limiting dilution in 96-well microtiter tissue culture plates. Positive clones were identified and changed to medium free of aminopterin. Cells were grown for freezing, additional subcloning, and passage into mice as ascitic tumors.
Cell ELISA. Cells were seeded at a specific cell number per well or grown to confluence in microtiter dishes. After the culture medium was removed the cell layers were washed three times in 0.01 M sodium phosphate, pH 7.4/0.15 M NaCl (P1/NaCI) and then incubated at ambient temperature with P1/NaCl containing 1% bovine serum albumin (blocking buffer) for 15 min. Blocking buffer was removed and primary antibody (culture medium or ascites), diluted in blocking buffer, was incubated with the cells for 45 min. The cell layer was washed three times with blocking buffer and then incubated with the secondary antibody solution (goat anti-mouse IgG conjugated to horseradish peroxidase, diluted in blocking buffer) for 30 min. The cells were washed three times with blocking buffer and twice with Pi/NaCl prior to incubation with the substrate solution (o-phenylenediamine at 40 .ug/ml in 0.08 M citrate/phosphate buffer, pH 5.0, with 4 1.L of 30% H202 per 100 ml). The color development was stopped with 4 M H2SO4 and the optical density was determined at 490 nm.
3"S-Labefing and Immunoprecipitation. Cells were grown to confluence in 100-mm or 35-mm dishes. Prior to labeling, cells were washed three times with Hanks' balanced salt solution at 370C and then incubated with Tran35S-label (100 ,uCi/ml) in methionine-free medium, containing 1o fetal bovine serum, for 4 hr (Fig. 3 ) or 20 hr (Fig. 4) 7 .5/0.3 M NaCI/0.1 mM EDTA/2 mM phenylmethylsulfonyl fluoride/5 mM L-methionine/0.3% Triton X-100/1% bovine serum albumin). Nuclei and cell debris were removed by centrifugation. Aliquots of cell lysates were reserved prior to immunoprecipitation for determination-of specific activity and total protein. Radiolabeled cell lysates were acidprecipitated (7) and the radioactivity in the solubilized pellets was determined by liquid scintillation counting. Protein concentrations of lysates prepared without bovine serum albumin were determined by the BCA method with albumin as a standard (8) . Cell lysates were pretreated by incubation with normal mouse IgG and then Pansorbin (fixed Staphylococcus aureus cells) to remove nonspecifically bound material. The cell lysates were divided into two equal volumes and incubated with normal mouse IgG or anti-Saos-2 antibody no. 5 (ascites). Pansorbin was added and the pellets were washed five times with buffer (as above, but without albumin). The final pellets were incubated with Laemmli sample buffer (9) and boiled for 5 min; after centrifugation the supernatants were subjected to electrophoresis in NaDodSO4/polyacrylamide gradient gels (5-10%o or 5-15%). The gels were permeated with Enlightening, dried, and exposed to x-ray film. Autoradiographs were scanned with a Shimadzu CS-930 densitometer.
Hormone Treatment. Saos-2 cells were grown until confluent. The cells were washed three times, as above, prior to addition of hormone. 1,25-Dihydroxyvitamin D3, as an ethanol stock, was diluted to a final concentration of Fig. 1 . Antibody binding to Saos-2 cells was found to be 50% at a 1:8 x 106 dilution of ascites no. 5. Optimal seeded cell number was 2.5 x 104 Saos-2 cells per well. The Saos-2 cell population used for monoclonal antibody production was found to be free of mycoplasma contamination by DNA fluorochrome staining and direct culture (Bionique Laboratories).
The profiles of cell reactivity with anti-Saos-2 antibodies displayed two distinct types of reactivity (Fig. 2) Radiolabeling and Immunoprecipitation of Saos-2 Cell Lysates. For initial studies, immunoblots were attempted for antigen identification, but these did not yield a positive signal, so metabolic labeling experiments were performed. Duplicate cultures of Saos-2 cells were metabolically labeled with Tran35S-label. Normal human skin fibroblasts, which failed to react with antibody 5 in the cellular ELISA, were treated identically in this experiment and served as a control for metabolic labeling and in the subsequent immunoprecipitation. In addition, normal mouse IgG was added to the cell lysate as a control for nonspecific immunoprecipitation.
Specific, reproducible immunoprecipitation was demonstrated with anti-Saos-2 antibody 5 (Fig. 3) . Normal mouse IgG and fibroblasts failed to yield detectable radiolabeled proteins. This experiment indicates that the reactive antigen is actively synthesized by Saos-2 cells and not simply adsorbed to the membrane from the culture medium in which these cells were bathed. Fibroblasts did not synthesize this protein when treated in the same manner. The apparent Mr of 80,000 obtained for this protein (P80) from NaDodSO4/ PAGE analysis was not altered by reduction, indicating a lack of subunit structure stabilized by disulfide bonds.
Hormonal Influence on Saos-2 Membrane Protein. The specificity of the immunoprecipitation pattern of this osteoblastic membrane protein enabled hormone studies to be undertaken. Since parathyroid hormone responsiveness and vitamin D receptors had already been demonstrated for the Saos-2 cell line (3), we examined the effect of these hormones.
Saos-2 cells were seeded in six separate tissue culture wells and allowed to grow to confluence. Duplicate cultures were pretreated with parathyroid hormone, 1,25-dihydroxyvitamin D3, or vehicle for 24 hr. Culture media were removed and cell layers washed prior to addition of radiolabeling media containing parathyroid hormone, vitamin D, or vehicle. After 20 hr the cells were processed as described for immunoprecipitation. Treatment of Saos-2 cells with vitamin D resulted in a marked increase of labeled P80 (Fig. 4, lanes  5 and 6) . The extent of label was quantified by densitometry (Fig. 5) . The average stimulation under the influence of vitamin D was 3-fold when compared with control values. The lower molecular weight components present in this experiment were probably due to the increase in radiolabeling time and may reflect processing.
Treatment of the osteoblastic Saos-2 cells with parathyroid hormone also resulted in a change in the amount of label incorporated into the P80 membrane protein (Figs. 4 and 5 ). There Was a decrease in P80 in response to parathyroid hormone. The average decrease resulted in 50o of control values. The mean specific activity of the samples was 3.5 x 103 cpm/,ug of total protein, and the sample represented by lane 4 in Fig. 4 (11, 12) and osteosarcoma cells (13, 14) . The Kd, number of receptor sites per cell, and dependence of receptor population on cell density in culture reflect similarity with another human osteosarcoma cell line, MG-63 (15) . The data presented in Figs. 4 and 5 provide evidence for hormonal regulation of this human osteoblastic cell surface protein. Until the recent demonstration of vitamin D stimulation of cellular adhesion and fibronectin synthesis (16) , bone y-tcarboxyglutamic acid-containing protein (bone Gla protein, or osteocalcin) in certain rat osteosarcoma cells represented the best model available for studying the mechanism of action of this hormone on bone (17, 18) . The system described in this paper presents an additional model for vitamin D regulation.
Saos-2 cells are hormonally responsive, as demonstrated by parathyroid hormone stimulation of adenylate cyclase activity in a cell density-dependent manner (3, 19) . Parathyroid hormone directly stimulates osteoclastic bone resorption in vivo (20, 21) . While conflicting reports have been issued regarding receptors for this hormone on osteoclasts, parathyroid hormone receptors have been observed on osteoblasts (22) (23) (24) . The involvement of osteoblasts in osteoclastic bone resorption (25) (26) (27) could be mediated by a membrane protein such as the one described here, which is influenced by parathyroid hormone.
The discovery of a hormonally regulated protein on human osteoblastic sarcoma cells represents a potentially pivotal finding. Anti-Saos-2 antibody 5 may be useful in the identification of subsets of normal osteoblasts. It is possible that the P80 membrane protein is developmentally regulated, consistent with its expression by a small population of progenitor bone cells.
